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FOREWORD 


Fresh  produce  such  as  lettuce  and  tomatoes  have  been  reported  to  undergo 
spoilage  during  shipping  to  military  installations  overseas.  Causes  for  the  spoil¬ 
age  included  slime,  decay,  mold  and  discoloration.  An  investigation  has  been  con¬ 
ducted  on  the  effect  of  a  low  oxygen  controlled  atmosphere  system  used  for  the 
transportation  of  fresh  produce  in  refrigerated  containers  on  the  shelf  life  and 
overall  quality  of  tomatoes. 

This  work  was  performed  under  Production  Engineering  Project  728012.1 2. 

The  authorc  wish  to  acknowledge  the  assistance  of  the  Oxytrol  Corporation, 
Salinas,  California,  for  providing  the  controlled  atmosphere  containers  and  the 
nitrogen  gas.  Acknowledgement  is  also  due  to  Mrs.  M.  Driver  for  the  color 
determination  of  tomatoes  and  to  Mr.  0.  Stark  for  his  assistance  in  the  gas  analysis. 
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ABSTRACT 


Laboratory  tests  were  conducted  to  determine  the  effect  of  treating  tomatoes 
with  an  aqueous  solution  of  chlorine  dioxide  as  well  as  storage  under  a  low  oxygen 
(k-5%)  controlled  atmosphere  system  on  their  overall  quality  and  shelf  life. 
Tomatoes  treated  with  chlorine  dioxide  and  then  stored  under  low  oxygen  at  50-55°F. 
exhibited  the  highest  edible  yield  at  the  end  of  6  weeks  storage.  Color  and  flavor 
of  tomatoes  stored  under  low  oxygen  regardless  of  the  chlorine  dioxide  treatment 
at  50-55°F.  as  evaluated  by  a  technological  panel  were  significantly  preferred 
to  those  stored  under  normal  atmosphere  at  similar  temperatures .  Time  of  storage 
was  the  only  factor  affecting  the  texture  of  tomatoes. 
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INTRODUCTION 


The  supply  of  fresh  produce  to  the  Military  Services  overseas  represents  a 
sizable  investment  particularly  when  one  considers  not  only  the  acquisition  cost 
but  also  the  cost  of  inspection,  transportation,  cold  storage  and  distribution 
to  the  customer .  From  the  standpoint,  of  cost  of  perishables,  tomatoes  are  second 
to  lettuce  in  value.  Experience  has  shown  that  current  handling  practices  do  not 
insure  that  tomatoes  arriving  overseas  will  meet  consumer  standards,  spoilage 
of  tomatoes  is  a  continuing  problem,  although  significant  improvements  have  been 
made  in  packaging  and  refrigeration. 

Guidelines  for  the  handling  of  tomatoes  stipulates  that  an  intransit  tempera¬ 
ture  of  55°F.  should  be  maintained  {anonymous  1968).  Tomatoes  are  normally 
purchased  without  regard  to  place  of  origin,  post  harvest  treatment,  packaging, 
handling  practices  or  holding  conditions.  The  lack  of  uniform  practices  makes  it 
impossible  to  predict  the  loss  of  any  one  shipment;  however,  losses  as  high  as  70 
percent  have  been  reported.  The  domestic  market  operates  on  a  shelf  life  of 
1-3  weeks ,  whereas  shipping  overseas  may  require  a  shelf  life  of  5-8  weeks .  Several 
researchers  have  indicated  that  storage  temperature  is  a  significant  factor 
affecting  the  shelf  life  of  tomatoes.  Parson  (1959)  conducted  studies  abroad  a 
Navy  reefer  ship  and  concluded  that  mature  green  tomatoes  stored  at  58°F.  until 
firm  ripe  and  then  transferred  to  33-35  F.  gave  the  best  results.  Gradual  ripening 
of  mature  green  tomatoes  at  55°F.  and  then  storage  at  32°F.  results  in  prolonging 
their  shelf  life  (Heiligman). 

Preliminary  work  at  Natick  Laboratories  on  storage  of  mature  green  tomatoes 
at  kO  F.  indicated  that  after  3-k  weeks  insignificant  color  change  took  place 
especially  at  the  stem  end  and  in  the  interior;  in  addition  fungi  infections  were 
developed.  Mature  green  tomatoes  stored  below  50°F.  are  more  susceptible  to  fungi 
infections  -  (McCullock  1952,  Butler  i960). 

Tolle  (1969)  indicated  that  under  hypobaric  storage  of  tomatoes  (low  pressure) 
where  the  oxygen  content  ranged  from  5-21  percent,  red  color  development  of  tomatoes 
was  minimized  at  the  5  percent  level.  This  system,  in  principle,  is  equivalent  to 
other  CA  (controlled  atmosphere)  systems  whereby  the  0^  level  is  controlled.  However, 
it  seems  impractical  to  use  such  low  pressure  systems  on  a  commercial  basis  using 
30-ko  ft.  vans  due  to  the  atmospheric  pressure  exerted  on  the  walls  of  the  vans. 

This  would  require  an  extremely  strong  structure  to  be  able  to  withstand  such  external 
pressure. 

Effects  of  pre-and  post-harvest  treatments  such  as  chemical,  packaging  and  atmo¬ 
sphere  control  on  the  storage  of  fresh  fruits  and  vegetables  have  been  investigated 
by  several  reserachers  (Salunkhe  i960,  El-Mansy  1968,  Watada  196k,  Singh  1970). 

In  addition,  considerable  research  has  been  conducted  specifically  on  tomato  storage 
requirements  (Magcon  1968,  McCulloch  1968).  Hall  (1963)  described  the  chemical  and 
physical  changes  (color,  firmness,  placental  breakdown)  that  take  place  during  the 
storage  of  tomatoes. 
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The  Oxytrol  Corporation  indicated  that  their  system  of  controlled  atmosphere 
would  significantly  extend  the  shelf  life  of  tomatoes.  Since  previous  studies 
Rahman  (1970)  determined  that  controlled  atmosphere  extended  the  shelf  life  of 
lettuce,  it  was  logical  to  conduct  a  laboratory  test  on  the  effect  of  low  oxygen 
(approximately  5  percent)  and  very  low  carbon  dioxide  (below  1  percent  on  the 
shelf  life  of  tomatoes. 


EXPERIMENTAL  PROCEDURES 


Three  experiments  using  different  crops  of  tomatoes  were  conducted  during  the 
course  of  this  study,.  Specific  lets  of  tomatoes  were  stored  in  72x32x89-inch 
containers  using  the  Oxytrol*  system,  a  complete  self-contained  atmosphere  control 
system  designed  to  be  used  as  an  adjunct  to  normal  refrigeration  equipment  in 
conventional  transport  vehicles.  These  containers  are  designed  for  shipment  or 
fixed  storage  of  perishable  commodities  under  low  oxygen  atmospheres  using  liquid 
nitrogen  to  reduce  oxygen  level.  The  container  is  insulated  and  equipped  with  a 
refrigeration  unit,  to  control  temperature.  A  supply  of  liquid  nitrogen  is  carried 
in  a  portable  Linde  LS-I60B  container  (Figure  l)  with  automatic  operation  of  the 
Ng  flow  provided  by  the  special  controls.  The  oxygen  level  was  set  at  5  percent 
and  the  tomatoes  were  tested  at  weekly  intervals  for  the  following: 

1.  Overall  quality  -  Subjective  test  for  color,  odor,  flavor,  texture  and 
appearance , 

2.  Edible  yield  -  Weight  of  uninfected  tomatoes  (wholesome  tomatoes  fit  to 
eat)  divided  by  the  original  weight  to  obtain  percent  edible  yield. 

3.  Color  -  By  subjective  means  (appearance  to  the  naked  eye  using  an  ex¬ 
perienced  panel  of  10  technologists  using  a  scale  ranging  from  9  (excellent)  to 

1  (extremely  poor),  and  by  objective  means  using  Hunter  Co^or  and  Color  Difference 
Meter  measuring  red  cclcr  on  whole  tomatoes  at  the  blossom  end  as  well  as  at  the 
stem  end,  and  on  the  interior  by  cutting  the  tomato  in  halves. 

J*.  Texture  -  By  subjective  means  to  determine  softness  or  firmness  by  feel, 
and  by  objective  means  using  Hunter  Spring  Mechanical  Force  Gauge. 

Oxygen  levels  were  monitored  during  the  experiments.  A  representative  sample 
of  the  atmosphere  in  the  controlled  atmosphere  container  was  analyzed  gas  chromato- 
graphically  at  weekly  Intervals,  After  she  sample  was  taken,  the  container  door 
was  opened  for  a  few  minutes  to  check  the  voltage  of  the  oxygen  analyzer/controller . 

In  each  experiment  U,S-  No.  1  Grade  tomatoes  ranging  in  color  from  number  2 
(Breakers)  to  number  3  (Turning)  as  described  in  Federal  specification  HHH-T-576f, 
Tomatoes,  Fresh,  were  purchased  from  the  local  market.  All  tomatoes  were  Los  Angeles 
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*0xytrol  is  a  registered  trademark  of  Occidental  Petroleum  Corporation, 


jLiJg  size  6x7  (2-k/l6 "-2-10/16").  Tomatoes  were  contained  in  10  lb,  monolayer  fiber 
boxes  with  lids  (35“^0  tomatoes  per  box).  Each  tomato  was  held  in  a  separate  paper 
cup  to  prevent  any  contact  between  neighboring  fruits. 

Twenty  boxes  of  tomatoes  for  each  experiment  were  randomly  divided  into  U  equal 
lots .  Each  lot  containing  4  boxes  were  treated  as  follows : 

Lot  1:  The  tomatoes  were  dipped  in  20  ppm  Oxine*  (Chlorine  dioxide)  solution 
for  3  minutes,  drained  for  5  minutes  and  placed  back  in  the  boxe3.  The  boxes  were 
then  placed  in  the  controlled  atmosphere  container  under  H-5  percent  oxygen. 

Lot  2:  The  tomatoes  were  treated  as  above  and  then  placed  in  a  similar  size 
container  operating  under  normal  atmosphere. 

Lot  3:  Control  tomatoes  with  no  chlorine  dioxide  treatment  stored  in  the 
same  container  with  lot  1. 

Lot  4:  Control  tomatoes  with  no  chlorine  dioxide  treatment  stored  in  the 
same  container  with  lot  2. 

A  perforated  paper  bag  containing  two  pounds  of  quick  lime  was  placed  in  each 
container  to  scrub  the  CO2  during  storage.  The  temperature  of  each  container  was 
maintained  from  50  to  55°F. 
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RESULTS  AND  DISCUSSION 


Results  of  experiments  conducted  on  the  storage  °f  ^(“L^thaVtimatoes 

for  periods  up  to  8  weeks  are  ^“^“^^^e^ieSs  thin  the  untreated 
treated  with  chlortne  dioxide  exhrhited  higher  *  the  atmosphere. 

ones  upon  storage  at  50-55  F.  for  4  or  o  weens  ^  ,,  h1ffher  ediUle 

Furthermore,  tomatoes  stored  under  low  oxygen  s*°ved  *he  chlorine 

yields  than  tomatoes  stored  under  normal  atmosphere  with  or  without  the  cnxor 
dioxide  treatment.  However,  tomatoes  dipped  in  chlorine  dioxide  solution  and 
then  stored  under  low  oxygen  showed  the  highest  edible  yie  compa 
treatment  above  * 

Results  shown  in  Table  2  indicate  that  tomatoes  stored  under  low  oxy  J^p^re . 
hibit  a  significantly  higher  edible  yield  than  those 

The  difference  in  edible  yield  increased  during  E  £  ,  lk_in  refrigerator  at 

thlre  for  additional  two  weeks ,  the  tomat  oe; .  whi 
stored  under  low  oxygen  continued  to  show  significan  y  S 
those  previously  stored  under  normal  atmosphere. 

Visual  examination  of  tomatoes  suggested 
heavy  spoilage. 

Tomato  firmness  decreased  significantly  as  storage  time  increased  (Table  3K 

There  was  no  significant  difference  in  texture  between  kO  and  50  F.  storage,  or 
between  low  oxygen  and  air  storage . 

The  Hunter  Spring  Mechanical  Force  Gauge  readings  (as  objective  measures  for 

texture)  “gained  Sen  applied  on  tomatoes  at  the  stem  end,  blossom  end  or  the  sides 
texture;  oouaineu  wneu  .•  rHfforpnt  However,  differences  were  signifi- 

of  the  fruits  were  not  Significantly  different  .However ,  differences  detected 

cant  between  tomatoes  tested  with  and  without  the  skin.  of 

by  the  technological  panel  were  not  significant  (Table  f ) ;  . 

tomatoes  stored  at  k06F.  under  normal  atmosphere  did  not  undergo  i£?30  percent  of 
Tannish-yellow  was  predominant,  ranging  between  No.  (g^  k  Pred?  or  com- 

the  surface  showing  a  definite  change  in  co  or  '  vMlnv  nink  red, 

"h-f nn.fi on 'l  and  No  3  (Turning:  approximately  30  percent  tannish-y  »  ^  ’  , 

oi  comMna“on)  LmaSes  stored  at  50-55°F.  gradually  developed  a  red  color  »d 

at  the  end  of  k  weeks  storage  60  to  90  percent  of  the  surface  area  s  ®we  stored 

red  or  red  color.  However,  the  color  was  deeper  and  more  uni form  in  tomatoes 
under  low  oxygen  and  was  significantly  preferred  by  the  technological  pa 
stored  under  normal  atmosphere  (Table  5)° 
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The  red  color  significantly  increased  as  the  storage  time  increased  (Table  k) 
when  measured  by  the  HCOCD  meter.  A  significant  color  difference  was  found  between 
measurements  on  a  single  fruit  -  made  externally  at  the  blossum  end  and  the  stem 
end,  or  internally  when  the  fruit  was  cut  in  half. 

The  technological  panel  preferred  the  flavor  of  tomatoes  stored  at  50-55°F. 
under  low  oxygen  compared  to  those  stored  under  normal  atmosphere  at  50-55°F.  or 
1*C°F.  Flavor  of  the  latter  received  the  lowest  ratings  (Table  5). 

It  is  concluded  that  controlled  atmosphere  storage  at  50-55°F.  significantly 
extended  the  shelf  life  of  tomatoes.  The  shelf  life  was  further  enhanced  upon 
treatment  of  tomatoes  with  chlorine  dioxide  prior  to  CA  storage. 
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LIFT  STRAP 


VALVr.  "8" 

LIQUID  LEVEL  QUAGE 
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FRONT  VIEW-OXYTROL  MODEL  050  PORTABLE  CONTAINER- 
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Significant  at  the  1  percent  level  (time  of  storage  in  weeks) 
Significant  at  the  1  percent  level  (with  skin  vs.  without  skin) 


Table  k  -OL  Value  of  the  Hunter  Color  and  Color  Difference  Meter  of  Tomatoes  During  Storage 
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*  Significantly  different  at  the  1  percent  level  (position  of  color  measurement) 

**  Significantly  different  at  the  1  percent  level  (time  of  storage  in  weeks) 


Conditions 


